INTRODUCTION
Urban freeways in major cities in the U.S. are operating near or beyond capacity conditions during peak periods due to increased travel demand. Such conditions often result in traffic breakdowns that lead to congestion which continues to escalate and spread over the surface transportation network in the U.S. The transportation community of practitioners, researchers, and public agencies now recognizes the need for better management of the existing network capacity as a viable alternative to capacity expansion projects. In recent years, more emphasis has been placed on Active Traffic Management (ATM) strategies such as speed harmonization, managed lanes, and ramp metering. Ramp metering is one of the successful active traffic control strategies that controls the flow of traffic entering the freeway facility from on-ramps in order to avoid breakdowns at merging areas and preserve the maximum traffic flow on the mainline.
Between June 2010 and November 2010, the Louisiana Department of Transportation and Development (LADOTD) deployed ramp metering control along a 24 km (15 mile) section of the I-12 in Baton Rouge, Louisiana. The main objectives were to reduce congestion, provide a safer merge operation at freeway entrances, improve travel time reliability of the corridor, and ultimately protect the investment. It was anticipated that all these objectives will be met if the mainline traffic speeds and flow rates were not significantly impacted by on-ramp merging traffic.
The objective of this study is to determine how effective the ramp metering control strategy was in alleviating congestion on a segment of I-12. Detector speeds and volumes were used as performance measures and were collected along a study segment of I-12 and then converted into D r a f t
Osman, O., J. Codjoe, S. Ishak, J. Rodriguez, and M. Russell 4 equivalent travel time savings. The study recognizes the effect of using an appropriate assessment period as well as considering the effect of evolving traffic patterns on travel speeds within the corridor. After ramp meters were installed, a total of 11 months' worth of data was collected and analysed to compare traffic conditions before and after the deployment of ramp meters.
BACKGROUND
Several studies have been conducted to evaluate the overall benefits of ramp metering in terms of throughput, travel speeds and travel times on the mainline. For instance, Bhouri and Kaupplia (2011) evaluated the travel time reliability benefits of ramp metering. The study applied four different categories of performance measures to assess the travel time reliability benefits: statistical range methods, buffer time methods, tardy trip measures, and probabilistic measures.
The study concluded that the different reliability measuring methods lead to inconsistency of results, and that in order to reach the optimal policy solutions, the benefits from improvement of average travel time and travel time reliability need to be separated. Levinson and Zhang (2006) analysed the results of a test conducted on the ramp meters in the Twin Cities that involved turning the meters off for eight weeks. The authors used seven different performance measures to assess the effectiveness of the ramp meters: mobility, equity, productivity, consumers' surplus, accessibility, travel time variation, and travel demand responses were compared for the cases of with and without the ramp meters. Despite the analysis results show the effectiveness of ramp meters in reducing travel time variation, the study concluded that ramp metering was more helpful for long trips than short trips. Lee et al. (2005) who concluded that the local ALINEA ramp metering control could reduce 5%-37% crash potential estimated by the real time prediction crash model. Another practical case showing evidence of the merits of ramp metering is that of the Twin cities in Minnesota which had 430 active ramp meters turned off during the fall of 2000 due to the public questioning its effectiveness. The results were a decline in through traffic by 14%, a doubling of travel time unpredictability, and a 26% increase in crash rate which was the equivalent of 1,041 crashes per year (Twin Cities Ramp Meter Evaluation: Final Report, 2001) .
In this study the results showed also that travel speeds on the freeway mainline improved with ramp metering by an average of 14% or 12 km/h. Likewise, a study that was jointly undertaken by the Kansas Department of Transportation and Missouri Department of Transportation that studied the effectiveness of ramp meters on I-435 based on the accident reduction, speed and travel times, compliance, ramp delay, traffic incident management, and feedback from the general public, local officials, and law enforcement. The study showed that ramp metering is beneficial through significantly reducing the number of accidents by 64%, cutting accidents due to merging by 81%, making merging maneuvers easier to conduct, keeping speeds and travel times at reliable levels (Ramp Metering, 2001 Evaluation Report: Maximizing the Flow, 2001 ).
Wu et al. (2007) investigated the impacts of ramp metering on driver behaviours in South
England. The research studied the performance of drivers on ramps and on motorway D r a f t Osman, O., J. Codjoe, S. Ishak, J. Rodriguez, and M. Russell 6 carriageways with and without ramp metering. The main measures used in the study are: speed, headway, acceleration and deceleration, accepted gap size, merge distance, and speed at merge.
The study showed that ramp metering resulted in changing driving behaviour on the motorway carriageway and on the ramp. More so, the study showed an improvement in the merging condition of the on-ramp traffic, while a speed reduction was noticed for the motorway carriageway traffic.
WSDOT ( Simulation results using PARAMICS showed the potential of the proposed algorithm to achieve balance between traffic conditions on the mainline and on the on-ramp.
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This section presented a brief review of a few ramp metering studies for performance evaluation of algorithms and for system wide evaluation of benefits. None of the studies considered the effect of growth in traffic demand over time. Therefore, this study attempts to capture the combined effects of both traffic growth over time and the ramp metering.
STUDY AREA
A total of 16 ramp meters were installed in 2010 along the 24 km (15 mile) corridor of I-12 in Baton Rouge, Louisiana. Since this was the first time ramp metering control was adopted in the state of Louisiana, a simple pre-timed operation with a fixed cycle length was used. During weekdays, the meters are turned on during the AM peak period (6:00 a.m. -9:00 a.m.) for westbound traffic, and during the PM peak period (3:00 p.m. -7:00 p.m.) for eastbound traffic. and DCMS (Data Collection and Management Service) detectors, installed along two short segments of the corridor, collect traffic speed and volume data on the freeway and these were used as performance measures for the study. The MIST segment is 3 km (1.85 miles) long and in the westernmost part of the corridor, while the DCMS segment is 5 km (3.17 miles) long on the easternmost part. The two segments are 11 km (7 miles) apart. FIGURE 1 shows the For the DCMS segment, traffic data were continuously measured for all lanes and aggregated into 5 minute intervals for all vehicles. For westbound traffic, DCMS detectors #10001 and #10003 recorded data for a different before-period (08/21/09 -05/31/10) than that of the MIST segment because of unavailability of data for the entire period. However, the detectors collected data for the same after-period (07/01/10 -05/31/11). For the eastbound traffic, DCMS #10002
and #10004 recorded data for the before-period (08/21/09 -11/30/10) and for the after-period (01/01/11 -05/31/11).
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Speeds averaging 129 km/h or higher were discarded as outliers since such values were highly unlikely to be sustained for 5 minutes or 15 minutes during peak periods, and therefore, denote a detector malfunction. The collected data for the before-and after-periods were done over various weather and incident conditions. This means that this evaluation study accounts for general conditions including recurrent and non-recurrent conditions. It should be also noted that during the course of the study, a 14.4 km (9 miles) portion of the DCMS segment was undergoing major construction, specifically between the O'Neal Lane interchange and Walker/La. 447 interchange. This was started in early 2009 and lasted through the data collection period following the ramp meter installation.
METHODOLOGY
The mainline speeds recorded at 14 detector locations within the study area were evaluated to establish a baseline for comparison between traffic conditions before and after the ramp metering implementation. For abbreviation, the "after" and "before" ramp metering periods will be referred to as condition A and B, respectively. Data for the first month was discarded from the analysis to allow for familiarizing drivers of the ramp meters. Different types of analysis were conducted to measure the effectiveness of the ramp metering using the aforementioned collected data because of the different durations of data collection for the two detector types. Speed trends were constructed to capture the effect of traffic growth if any, comparative analyses of speeds, travel times, and level of service were also conducted to measure the effect of ramp meters on speed variation along the corridor.
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TRENDS OF TRAFFIC SPEED AND DEMAND CONDITIONS
Given the inherent variation in traffic conditions on weekdays, the analysis was conducted for each weekday independently. For MIST detectors, the speed was averaged at each detector location over the four lanes in each direction to obtain a single speed value for each 15 minute period for each weekday in the four year period for condition B. These were then grouped by weekday. For instance, a typical weekday would have approximately 208 speed averages (52 weeks x 4 years) for every 15 minute period. For DCMS detectors, average speed data were collected in the field; therefore, there was no need to average the collected speed data.
In order to capture the effect of growth in travel demand on traffic conditions, the MIST segment was analysed to identify any trends. Since traffic growth in any area should be consistent, any results could be applied for the DCMS segment as well. The trends of traffic speed were constructed for each weekday and each 15 minute time interval. For illustration, FIGURE 2
shows the speed trend for four different 15-minute periods on Wednesdays over the four year period preceding ramp metering activation. It shows that the westbound AM peak periods predominantly exhibited free-flow conditions, while the eastbound PM peak periods exhibited mixed clusters of free-flow and congested traffic conditions. Similar distributions were obtained for all other intervals for each weekday.
Linear models were fitted to the speed data to determine if a changing trend exists because of traffic growth. Low ܴ ଶ values were obtained in most cases, which suggest that the effect of traffic growth on traffic speed was not significant over the four year period. Since no significant speed trend could be observed over time, all observations within the four year period were not D r a f t considered time dependent, and therefore, the variation for each 15-minute period could be considered purely random. The statistical comparisons therefore considered all observations within the same 15 minute period during condition B as representative of the same population.
In analysing the traffic demand at each segment, it was obvious that the hourly demand for MIST segment slightly increased on the Eastbound from condition B to condition C, whereas, it significantly increased for the Westbound on that segment, as shown in 
COMPARATIVE ANALYSIS
Because of the different periods of data collection of the two types of detectors, two different statistical approaches were used to analyse the two segments.
MIST Segment
Using the observations for each weekday in the four-year period of condition B, the 90% confidence bounds for speeds were estimated for each 15 minute interval using SAS. This procedure produced the mean, lower limit and upper limit of speeds for each weekday and each 15 minute interval. FIGURE 3 shows the corresponding mean, lower limit, and upper limit of 103.6, 102, and 105.6 km/h respectively.
Statistical analyses were conducted at a 90% confidence level to determine if conditions A and B
were significantly different in terms of traffic speed within the merging area. Significant differences are detected when the observed speed for a particular 15 minute period on a weekday D r a f t in condition A falls outside the confidence limits for the speed distribution determined from condition B. Significant differences can also be identified as significant increases or decreases in speed, depending on whether they fall above the upper limit or below the lower limit of the confidence bounds, as shown in FIGURE 3.
Since weekdays were analysed independently, the statistical comparison was made for each 15 minute interval of the peak period (PM period for eastbound and AM period for westbound). The results for all time intervals combined are shown in TABLE 4 by weekday and direction.
Time periods with a significant increase in speed ranged from 42% to 52% and from 34% to D r a f t
Osman, O., J. Codjoe, S. Ishak, J. Rodriguez, and M. Russell 13 46% for the eastbound PM and westbound AM peak periods, respectively. This corresponded to an increase in speed ranging from 11 to 13 km/h (eastbound PM peak) and from 1.6 to 11 km/h (westbound AM peak). The significant increase in speed may be attributed to the ramp metering control. The results, however, show no significant differences in speed in 41% and 28% of the time periods for eastbound PM and westbound AM peak periods. Also, 12% and 29% of the time periods exhibited a significant decrease in speed for the eastbound PM and westbound AM peak periods. Such cases suggest worse traffic conditions with ramp metering control and may be attributed to unusually heavy congestion resulting from downstream incidents, which could not have been prevented with ramp metering control.
DCMS Segment
For DCMS segment, two samples t-test at 90% confidence bounds was conducted for each detector, each weekday, and each 5 minutes interval using SAS. This procedure produced the differences in mean speeds between Conditions B and A, p-value for testing the equality of variances between B and A, and two p-values for the t-test: one for equal variances (Pooled ttest) and another for unequal variances (Satterthwaite t-test).
Since weekdays were analysed independently, the statistical comparison was made for each 5 minute interval of the peak period (PM period for eastbound and AM period for westbound).
The results for all time intervals combined are shown in TABLE 5 by weekday and direction.
For the eastbound PM, it is clear that there is always a significant decrease in speed ranging from 4.6 to 7.15 km/h, whereas for the westbound there is a significant decrease in speed ranging from 5.84 to 14.13 km/h, except for Thursday where there was no significant change in speed.
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TRAVEL TIME SAVINGS
Equation (1) 
Where ܸ (݅, ݆, ݇, ݊) is the average speed of the two detectors for condition A, 15-min interval ݅, weekday ݆, outcome ݇, and day number ݊, ܸ (݅, ݆) is the average speed of the two detectors for all days of condition B, 15-min interval ݅, weekday ݆, ‫ݍ‬ (݅, ݆, ݇, ݊) is the total traffic volume observed for condition A, time interval ݅, weekday ݆, outcome ݇, and day number ݊, and ܰ(݅, ݆, ݇) is the total number of days data is available for interval ݅, weekday ݆, and outcome ݇.
MIST Segment
The total travel time saving was estimated for each weekday from time intervals before and after ramp metering was introduced. This was estimated separately for each of the three possible statistical outcomes in For all other weekdays, the savings ranged from 8 to 13 vehicle hours per mile. On the other hand, intervals with a significant decrease in speed exhibited an overall increase in travel times from 34 to 99 vehicle hours per mile. Such intervals may reflect conditions of heavy congestion during which ramp metering was not effective. For the westbound AM peak period, much less travel time savings, around 8 vehicle hours per mile, were achieved for intervals with significant increase in speed for Tuesdays and Wednesdays and 4 -6 vehicle hours per mile for the rest of the weekdays. This is intuitive since traffic operates near free-flow conditions during the AM peak period, and therefore, differences in travel times are expected to be minor. For both the AM and PM peak periods, intervals with no significant change exhibited positive travel time savings, around 1 vehicle hour per mile, but were considered statistically insignificant. On the other hand, the westbound AM peak period shows a saving in travel time of 0.93 vehicle hour per mile on Thursdays; however, the travel time loss ranges from 4.47 to 12.97 vehicle hour per mile for the other days of the week. This may reflect conditions of heavy congestion during which ramp metering was not effective for both the eastbound and westbound directions.
DCMS Segment
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LEVEL OF SERVICE
The level of service distribution was then computed and compared for the before- (Condition B) and after-(Condition A) periods of the ramp metering deployment using the procedures in the Highway Capacity Manual for basic freeway segment. The analysis was developed utilizing the volume data collected in this study. The level of service criteria is given in terms of the percentage volume distribution of vehicles during an analysis period of 15 minutes (MIST data) and 5 minutes (DCMS data). 
MIST Segment
DCMS Segment
In looking at the DCMS segment, However, there is a notable increase at the LOS F from around 61% to 74%. This indicates that at detector 10003, the traffic conditions for the after period is worse than the before period on Monday.
In looking at the other weekdays, the results show that there is an improvement on Thursday at detector 10001. However, for all other weekdays at detector 10001 and all weekdays at detector 10003, results show that despite there is a little increase for LOS A on some weekdays there is a significant increase in the percentage of tie having LOS F. This indicates that ramp meters were not effective at the easternmost road segment and the conditions are worse for the after period.
D r a f t
SUMMARY AND CONCLUSIONS
This study examined the effectiveness of ramp metering, as an active traffic management strategy, in alleviating traffic congestion on a section of I-12 in Baton Rouge, Louisiana. The assessment was made for the time period when the ramp meters were active from 3:00 to 7:00 pm in the eastbound direction, and from 6:00 to 9:00 am in the westbound direction. Two segments of I-12 were selected, the westernmost segment is 1.85 miles long and the easternmost segment is 3.17 miles long. The two segments are 7 miles apart. Three performance measures were selected for the study: speed, travel time, and level of service.
For the westernmost segment, the statistical results of the comparative speed analysis before and after ramp meters installation revealed a significant increase in average speed of nearly 11 km/h 47% of the time, and a significant speed decrease of 27 km/h 12% of the time for the eastbound PM peak period. For the westbound AM peak period, the results show a significant increase in speed of nearly 8 km/h 43% of the time and a significant decrease in speed of nearly 11 km/h 29% of the time. On the contrary, the statistical results for the easternmost segment revealed deterioration in traffic conditions for both the morning and evening peak periods. Considering all time intervals combined, there was an average decrease in speed from 99.63 to 93.94 km/h for the eastbound PM and 86.55 to 78.95 km/h for the westbound AM peak periods.
Travel time savings over the westernmost segment, after the implementation of ramp metering and normalized by traffic volume for each weekday, also showed an average travel time saving of 7 vehicle hours per km for the PM peak period and 4 vehicle hours per km for the AM peak period. On the other hand, intervals with significant decrease in speed exhibited an increase in D r a f t average travel times of 39 and 16 vehicle hours per km, for the PM and AM peak periods, respectively. For the easternmost segment, the average travel times also increased for both peak periods. The results were consistent with the level of service analysis which showed an overall deterioration of traffic conditions during both peak periods for the westernmost segment and deteriorated LOS distributions for both peak periods for the easternmost segment. For the eastbound PM peak period, the percentage of time having LOS A has been decreased, and the time percentage of time having LOS F has been significantly increased for the different time intervals for PM and AM intervals.
Overall, the assessments for the westernmost segment showed some improvements in traffic conditions with the implementation of ramp metering during the more congested eastbound PM peak period. On the other hand, no improvement was observed on the easternmost segment. In fact, traffic conditions appeared to have worsened on the easternmost segment after ramp metering implementation. This can be attributed to the concurrent construction work that was taking place on that segment after the ramp meters installation, which led to operating the easternmost segment with less number of lanes for the same demand. 
